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Summary
O n l y  v e r y  c o r r o s i v e  s u b s t a n c e s  a t t a c k  g o l d ,  t h e  m o s t  n o b l e
meta l .  In  th is  s tudy  the  reac t iv i t y  and the  phase d iagrams o f
go ld  w i th  the  ha logens ch lo r ine ,  b romine and iod ine  have been
i n v e s t i g a t e d .  O w i n g  t o  t h e  n o b l e  b e h a v i o u r  o f  g o l d ,  i t s  h a l i d e s
are  sens i t i ve  to  heat ;  on  heat ing  they  decompose in to  the
e l e m e n t s .  I n  c l o s e d  s y s t e m s  t h e  h a l o g e n  p r e s s u r e s  i n c r e a s e  t o
va lues  la rger  than one a tmosphere  a t  ra ther  low tempera tures
( a b o u t  2 5 0 " C ) .
m L ^  ^ t s - L . : 1 . :  F . .r r rs  DLaur r .uy  o f  the  compounds as  a  func t ion  o f  tempera ture
and ha logen pressure  is  very  impor tan t  fo r  choos ing  the  proper
c o n d i t i o n s  f o r  p r e p a r a t i o n  a n d  c r y s t a l  g r o w t h  o f  g o l d  h a l i d e s .
I t  w a s  p o s s i b l e  t o  p r e p a r e  l a r g e  c r y s t a l s  o f  A u C l  a t  t h e  h i g h -
tempera lu re  s ide  o f  a  tempera ture  grad ien t  o f  2500-  280oC
( c h l o r i n e  p r e s s u r e  o f  o n e  a t m )  o r  : o + o -  3 2 7 o c  ( c h l o r i n e  p r e s s u r e
o f  a b o u t  2 |  a t m ) ;  t h e  t r a n s p o r t  o c c u r s  v i a  A u 2 C 1 6 ( g ) .
I-AuBr and P-AuBr have been grovrrr at relat ively low bromine
p r e s s u r e s  ( a b o u t  I  a t m  a n d  l e s s ) .  O n l y  f o r  I - A u B r  a  p r o m o t o r ,
a lumin ium,  was used;  in  th is  case the  compound AuAlBr6(g)
probab ly  i s  respons ib le  fo r  the  chemica l  vapour  t ranspor t .  The
crys ta ls  o f  I -AuBr  g ro \4 r  a t  the  h igh- tempera ture  s ide  o f  a
g r a d i e n t  o f  1 8 5 " -  z l O " C  ( b r o m i n e  p r e s s u r e  o f  a b o u t  I  a t m ) .
Crys ta ls  o f  P-AuBr  were  grown w i thout  the  use  o f  a  p romotor  a t
a b o u t  I  2 0 " C .
The c rys ta l  s t ruc tu res  o f  AuC1,  I -AuBr  and P-AuBr  have been
determined and compared w i th  tha t  o f  AuI .  I -AuBr  i s
i s o s t r u c t u r a l  w i t h  A u C l :  s p a c e ^ g r o u p  I 4 r / g m d ,  Z = 8  a n d ,  a = 6 . 9 4 0  R ,
c = 9 . 2 5 2  I  f o r  I - A u B r ;  a = 6 . i Z q  8 ,  
" = g . O l +  
H  f o .  A u C 1 .  P - A u B r  i s
i s o s t r u c t u r a l  w i t h  A u I :  s p a c e  g r o u p  P 4 2 f n c m ,  A = 4  a n a  a = 4 . 2 9 6  R ,
c = 1 2 . 1 4 6  I  r o r  P - A u B r ,  
" o * p r . . à  
w i l n  a = 4 . 3 5 Ó  R ,  c = l 3 . 7 t t  3 . ' f o r ,
A u I .
T h e  s t r u c t u r e s  c o n s i s t  o f  z i g - z a g  c h a i n s ,  i n  w h i c h  t h e  g o l d
a t o m s  a r e  l i n e a r l y c o o r d i n a t e d  b y  l h e  h a l o g e n  a t o m s .  T h e  4 n g 1 e
Au-X-Au changes f rom 92o,  to  92 ' .30 ,  to  77 l to  and to  72 .60  in  the
sequence AuC1,  I -AuBr ,  P-AuBr  and AuI .  In  the_same.  sequence the
A u - A u , d i s t a n c e s  i n  t h á c h a i n c h a n g e  f r o m  3 . 3 7  8 , ,  r c  3 . i 7  8 ,  t o
3 . 0 4  R  a n d  t o  3 . 0 8  8 .  T h e  p a c k i n !  o f  t h e  à - g - z a g  c h a i n s  i s
d i f fe ren t  in  the  two s t ruc tu res .  The bromine ( iod ine)  and go ld
a toms in  P-AuBr  (AuI )  fo rm square  p lanar  ne ts  fo r  the  bromine
and go ld  layers  perpend icu la r  to  the  c -ax is .  The Au-Au d is tances
i n s i d e  t h e  c h a i n s  a r e  e q u a l  t o  t h e  s h o r t e s t  d i s t a n c e s  o f  g o l d
a toms o f  two mutua l l y  para1 le l  cha ins .  The sequence o f  layers  o f
Au and Br  in  P-AuBr  i s  Au/Br lBr /Au/Br /Br /Au.  There fore  P-AuBr
and AuI  can a lso  be  cons idered as  layered compounds.
I t  has  been found tha t  on ly  AuBr  has  s t ruc tu ra l  t rans i t ions
t r a n s i t i o n s .  F o u r  m o d i f i c a t i o n s  e x i s t l  t h e  s e q u e n c e  o f  t h e i r
s t a b i l i t i e s  w a s  s t u d i e d  b y  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s ,
d : l f fe ren t ia l  scann ing  ca lo r imet ry  and X- ray  ana lys is .
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o-AuBr  i s  s tab le  up  to  about  80oC.  P-AuBr  i s  s tab le  be tween 80oC
and 197oC,  I -AuBr  te t r " reen l !7oC and ZgAoc and bcc- {uBr  (body-
centered  cub ic )  be tween 2g8oc and 330oC.  Above 330oC a  l iqu id
phase ex is ts .  The heats  o f  t rans i t ion  o f  P-AuBr  +  I -AuBr  and
I -AuBr  -+  bcc-AuBr  amount  to  360 t  40  and 915 t  70  ca l /mo le ,
respec t ive ly .  The heat  o f  t rans i t ion  bcc-AuBr  -+  l iqu id  i s  o f  the
same order  as  tha t  o f  I -AuBr  -+  bcc-AuBr .  For  bcc-AuBr  (a=4.8808,
Z = 2 )  a  d i s o r d e r e d  s t r u c t u r e  i s  p r o p o s e d ,  í n  w h i c h  g o l d  i s
s t a t i s t i c a l l y  d i s t r i b u t e d  o v e r  t h e  p o s i t i o n s  8 ( c )  o f  s p a c e
group Im3m.  q , -AuBr ,  p robab ly  has  a  s t ruc tu re  re la ted  to  tha t  o f
I -AuBr .
In  the  go ld -ch lo r ine  sys tem th ree  so l id  s ta te  compounds
e x i s t :  A u z C l o ,  A u 4 C 1 8  a n d  A u C l .  P h a s e  s t u d i e s  s h o w  l h a t  o n
h e a t i n g  A u a C l e ( s )  p r o t a b l y  d i q p r o p o r t i o n a t e s  a t  l l l o C  i n t o
A u 2 C l 5 ( s )  a n d  A u C l ( s ) .  A t  2 6 0 " C  a n d  a  c h l o r i n e  p r e s s u r e  o f
1 . 4  a È q r  a  e u t e c t i c  i s  f o u n d  a t  c o m p o s i t i o n  A u C 1 2 .  A u 2 C l 6  m e l t s
a t  3 0 4 o C ;  A u C l ( s )  d e c o m p o s e s  p e r i t à c t i c a l l y  a t  5 4 2 o c - u n d  t
ch lo r ine  pressure  o f  about  3  a tm in to  Au(s)  and a  l iqu id  w i th
c o m p o s i t i o n  A u C l 1 . a 5 .  T h e  h e a t  o f  f u s i o n  o f  A u 2 C 1 6  a m o u ' n t s  t o
2 9  t  5  k c a l / m o l e .
In  the  go ld -bromine sys tem the  ex is tence o f  Au2Br6  and AuBr
has  been es tab l i shed l  moreover ,  t \ ^7o  fcc  phases  ( face-centered
cub ic )  o f  unknown compos i t ion  r4 rere  found.  A  eu tec t ic  was
observed a t  262"C and a  compos i t ion  be tween Ar iBr r  and AuBr .
A u 2 B r 6  m e l t s  a t  2 9 2 o C ;  t h e  h e a t  o f  f u s i o n  i s  a b o u t  2 0  k c a l / m o l e .
In  the  go ld - iod ine  sys tem AuI  and two fcc  phases  w i th
compos i t ions  be tween AuI  and Au ex is t .  Au I  decomposes a t  203"C
p e r i t e c t i c a l l y  i n t o  a  f c c  p h a s e  a n d  a n  i o d i n e  m e l t  í n  w h i c h  a
smal l  amount  o f  AuI  i s  d isso lved.  The o ther  fcc  phase is  fo rmed
.  -  - , o ^
a t  a b o u t  l l 4 - C  u n d e r  e x c l u s i o n  o f  1 i g h t .
F ina l l y ,  the  phase d iagram o f  the  pseudo-b inary  sys tem
AgI -Aut  has  been de termined.  A  new compound AgAuI2  was found,
w i th  two s t ruc tu ra l  t rans i t ions  a t  55"C and 127" .  The h igh-
t e m p e r a t u r e  f o r m ,  o - A g A u I 2 ,  h a s  a  b c c - s t r u c t u r e  ( a = 5 . 0 9 1  Á ,  Z = l )
i n  w h i c h  b o t h  s i l v e r  a n d  g o l d  a r e  d i s o r d e r e d ,  b u t  i n  d i f f e r e n t
s i t e s ;  t h i s  p h a s e  f o r m s  a ^ b r o a d  r a n g e  o f  s o l i d  s o l u t i o n s .  A
e u t e c t i c  i s  p r e s e n t  a t  8 6 " C  a n d  c o m p o s i t i o n  A g o .  z o A u o . : 6 I ;  a b o v e
th is  tempera ture  the  so l id  so lu t ion  w i th  a  d isordered s t ruc tu re
is  fo rmed.
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